Herpes simplex virus (HSV), like all herpesviruses, is a formidable adversary with numerous strategies to evade the immune system. The fact that the virus is able to persist indefinitely in the host suggests that for most of the time the immune system is powerless to act. The anatomy of infection is a relatively simple process. HSV infects epithelial cells in the mucosa or skin, then enters peripheral nerve endings and travels intraaxonally to the sensory ganglia. It is in neurons that the virus establishes a latent infection, from which there may be a periodic reactivation. Here infectious virus reappears and travels back along nerve fibers to epidermal sites in skin where a new round of replication is initiated, referred to as a recurrent infection. During the primary infection, a strong immune response evolves composed of virus neutralizing antibodies and an antiviral CD4 and CD8 T cell response, which efficiently inhibits virus replication at mucosal sites and in the nervous system [1](#R1){ref-type="bib"} [2](#R2){ref-type="bib"}.

Latency is the principal strategy used by the virus to evade immune defences and for persisting indefinitely in the host. However, other evasion strategies also exist during the primary infection and after reactivation and/or recurrence. By infecting the nervous system, the virus takes advantage of natural "anatomical barriers" to evade immune defences. These include intraaxonal transport of virus particles, which renders virus invisible to antibody and cell-mediated immune mechanisms, and the natural deficiency of MHC class I molecules on neurons, which limits the activity of cytotoxic T cells. During latency, there is a general shut down of viral gene expression apart from a set of unusual transcripts, termed latency-associated transcripts (LATS), which are localized to the nucleus and do not encode any viral proteins [3](#R3){ref-type="bib"}. The function of LATS has still to be resolved; however, recent evidence suggests they may play a role in cell survival by blocking apoptosis [4](#R4){ref-type="bib"}. Clearly, the adaptation of HSV to this survival strategy in neurons tends to make it refractory to immune intervention. Consequently, the main windows of opportunity for the immune response are during the primary infection and after reactivation of the virus to produce recurrent infections.

To dissect the complexities of the host--virus relationship, animal models have proved invaluable. Using mouse models of HSV infection, it is possible to derive detailed mechanisms of host resistance in different anatomical compartments. As with many other virus infections, the initial stages of HSV infection are influenced by the activity of type I IFNs and NK cells, which serve to limit the spread of virus to the nervous system [5](#R5){ref-type="bib"} [6](#R6){ref-type="bib"}. As the adaptive immune response evolves, there is a clear role for T cells in the resolution of the primary infection. Adoptive transfer experiments of primed T cells from local LNs indicate an important role for CD4 T cells in resolving cutaneous infections, probably mediated by recruitment and activation of macrophages [2](#R2){ref-type="bib"}. Macrophages are potent inhibitors of HSV infection, in which nitric oxide and TNF-α are thought to play key roles [7](#R7){ref-type="bib"} [8](#R8){ref-type="bib"}.

A key objective of the primary immune response at mucosal and cutaneous sites is not only to interrupt the spread of virus into the nervous system, but also to stem the flow of virus reemerging from axons to infect other sites on the same dermatome. This means that even during the primary infection the nervous system can act as conduits to spread virus around different epidermal locations, in a way not dissimilar to a zosteriform reaction, characteristic of shingles lesions produced by varicella zoster virus, a closely related herpesvirus. An HSV zosteriform model has been developed in mice, and has been used to investigate the immunological mechanisms responsible for interrupting the spread of virus to and from the nervous system [9](#R9){ref-type="bib"}. Aside from the activities of CD4 and CD8 T cells as interrupters of virus spread, other powerful inhibitors of this process are neutralizing antibodies. The passive administration of mAbs against HSV glycoproteins before infection and up to 3 d after infection inhibits the zosteriform spread of the virus [10](#R10){ref-type="bib"}. This indicates that as the virus moves from one compartment to another, i.e., from nerve ending to epithelial cells or vice versa, it becomes a target for neutralizing antibodies. However, once infection of epithelial cells takes place, neutralizing antibodies are ineffective. In this instance, T cell immune responses prevail. One may envisage similar mechanisms occurring within the peripheral nervous system, i.e., in the sensory ganglia or in the root entry zone, between the peripheral nervous system and central nervous system.

The nature of the immune response to HSV in the nervous system is qualitatively different from that seen in the skin. Resolution of the primary infection in sensory ganglia involves a major input from CD8 T cells [11](#R11){ref-type="bib"}. Early work clearly identified that in mice lacking CD8 T cells clearance of virus from the nervous system was delayed and resulted in a loss of neurons from sensory ganglia [12](#R12){ref-type="bib"}. In intact mice, although there was clear evidence of productively infected neurons (as detected by late viral antigen expression), there was no apparent loss of neurons, indicating that CD8 T cells were able to reverse a normally lethal effect by "curing" the relevant cells. There are similarities here with curing hepatocytes of hepatitis B virus by cytotoxic T cells [13](#R13){ref-type="bib"}. A key antiviral mechanism in both these infections probably involves IFN-γ. Why curing and not killing infected neurons is mediated by CD8 T cells could be related to the levels of expression of MHC class I. The low levels of MHC class I expression on neurons may be insufficient to facilitate a cytolytic event. Clearly, a loss of neurons during these early stages of infection is not only bad news for the host, but must also be viewed as limiting potential sites of latency for the virus. The balance between the host and the virus in this process is central to the number of latently infected neurons established, which in turn is probably related to the frequency of reactivations and/or recurrences.

A feature of the immune response in the sensory ganglia is the persistence of CD8 and CD4 T cells for prolonged periods after the resolution of the acute infection [14](#R14){ref-type="bib"} [15](#R15){ref-type="bib"}. An important question is why do T cells persist and what role do they play? An explanation is provided in this issue by the work of Liu et al. [16](#R16){ref-type="bib"}. They used a mouse ocular model of HSV infection to analyze the virological and immunological events occurring in the trigeminal ganglion during a primary and latent virus infection. The analysis of virus latency and/or reactivation involved explanting ganglia or cells dissociated from ganglia in tissue culture and monitoring after several days the appearance of infectious virus. To study the effect of antiviral CD8 T cells on this process, ganglionic cultures were set up at different times post infection and either left untreated or were treated with anti-CD8 antibodies to block the action of resident ganglionic T cells. The outcome was quite dramatic in that resident ganglionic CD8 T cells, taken early in the latent period of infection, were highly effective at inhibiting virus reactivation. In contrast, the anti-CD8 treated cultures showed an accelerated appearance of reactivating virus. Although the efficiency of this process declined in ganglionic cultures taken at later times after infection (\>30 d), the appearance of reactivating virus was nevertheless delayed. It is remarkable that relatively small numbers of T cells isolated from ganglia can have this inhibitory activity when dispersed in vitro. This begs questions on the mechanism(s) involved in suppressing reactivation. The assumption is that this will involve the local action of cytokines (IFN-γ, TNF-α, and IL-6, all of which are elevated during latency and reactivation), rather than cytolytic mechanisms [17](#R17){ref-type="bib"} [18](#R18){ref-type="bib"}. The nature of the cytokines involved could be defined by blocking their activity in vitro, or by using T cells from cytokine gene knock out mice in the ganglionic culture system. Another alternative is to carry out these experiments directly in cytokine gene knock out mice.

The persistence of CD8 T cells in sensory ganglia argues in favor of there being some viral antigen expression that acts to retain and recruit these T cells. As noted above, the general dogma is that there is no viral protein expression during latency. However, the initial stages of neuronal infection is probably more complex than previously thought, and may involve different levels of virus gene expression in some neurons that form part of a population of latently infected cells [3](#R3){ref-type="bib"}. Contributing to this picture is the immune response, which can clearly modify viral gene expression through the local action of inflammatory cytokines. Using more sensitive detection techniques, it has been possible to identify limited transcription of immediate early genes (notably ICP4) and early genes (e.g., thymidine kinase) [19](#R19){ref-type="bib"}. ICP4 is a key regulator of early and late gene expression, and is also a target for CD8 T cell recognition [20](#R20){ref-type="bib"}. This gene product was observed by Liu et al. in the trigeminal ganglia up to a month after infection [16](#R16){ref-type="bib"}, and could be one reason why CD8 T cells remain localized. The presence of ICP4 and CD8 T cells in sensory ganglia may serve a dual regulatory role. On the one hand, ICP4 acts as a T cell antigen serving to localize and activate T cells, while the activated T cells prevent any further viral gene expression probably through the action of cytokines, e.g., IFN-γ.

If viral proteins such as ICP4 are important for localizing T cells, then which cells are important in presenting these antigens. The assumption is that neurons are the likely candidates as they can express elevated levels of MHC class I during the early stages of HSV infection in ganglia, although it is questionable whether this happens during the latent infection [21](#R21){ref-type="bib"}. However, satellite cells (cells of macrophage lineage that tend to surround neurons) are more logical presenters because they express both MHC class I and class II. These cells are also infected during the primary infection and after reactivation, and may be important cells in regulating the immune response to virus. In addition, macrophages persisting along with T cells could serve to present viral antigens. A key question that needs to be resolved is for how long are T cells retained in ganglia, and does this correlate with the presence of viral protein expression? Perhaps T cell numbers never recede in this model system. Does the same pattern occur in human sensory ganglia?

HSV reactivation can occur following a variety of external stimuli, including stress due to temperature changes, after exposure to UV light, and following axotomy. The net effect is perturbation of neuronal function resulting in virus gene expression and the production of new virus particles, which travel along axons to infect skin and mucosa. In humans, this can result in a recurrent disease, such as genital lesions or cold sores. However, in the mouse, recurrences are rarely seen, which could be accounted for by the highly effective T cell response residing in latently infected ganglia. If this is the case, then it will be interesting to identify the antigenic specificity of eluted ganglionic T cells, which may be important in defining candidate viral proteins for use as vaccines. Other issues that need to be addressed in the light of Liu et al.\'s findings [16](#R16){ref-type="bib"} relate to modifying HSV reactivation in vivo by treating mice with anti-CD8 antibodies. Previous attempts to precipitate HSV recurrences by depleting T cells in vivo have proved unsuccessful; however, such experiments are now worth repeating in light of this new evidence.

The observations by Liu et al. [16](#R16){ref-type="bib"} should stimulate renewed interest into the basic immunological mechanisms under pinning HSV infection. It certainly raises important questions on the nature of viral gene expression during latency, and new insights in to T cell recognition and control of these processes.
